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Abstract
Objective The study is to identify the carrier rate of common deafness mutation in Chinese pregnant women via detecting
deafness gene mutations with gene chip. Methods The pregnant women in obstetric clinic without hearing impairment and
hearing disorders family history were selected. The informed consent was signed. Peripheral blood was taken to extract genom-
ic DNA. Application of genetic deafness gene chip for detecting 9 mutational hot spot of the most common 4 Chinese deafness
genes, namely GJB2 (35delG，176del16bp, 235delC, 299delAT), GJB3 (C538T) ,SLC26A4 ( IVS72A>G, A2168G) and mito-
chondrial DNA 12S rRNA (A1555G, C1494T) . Further genetic testing were provided to the spouses and newborns of the
screened carriers. Results Peripheral blood of 430 pregnant women were detected，detection of deafness gene mutation carri-
ers in 24 cases(4.2%), including 13 cases of the GJB2 heterozygous mutation, 3 cases of SLC26A4 heterozygous mutation, 1
cases of GJB3 heterozygous mutation, and 1 case of mitochondrial 12S rRNA mutation. 18 spouses and 17 newborns took fur-
ther genetic tests, and 6 newborns inherited the mutation from their mother. Conclusion The common deafness genes muta-
tion has a high carrier rate in pregnant women group，235delC and IVS7-2A>G heterozygous mutations are common.
Key words: Gene chip, Hereditary deafness, Carrier rate, Mutation detection
Deafness, one of the most common sensory dysfunc-
tion, is the biggest obstacle to language learning and
communication. In China, it is estimated that 30,000 ba-
bies are born with congenital hearing loss every year[1].
50% - 70%of deafness may be related to genetic factors.
According to the phenotype of hereditary，deafness can
be divided into Syndromic hearing loss (SHL; about
30% ) and Nonsyndromic hearing loss (NSHL; about
70%)[2]. By the end of April 30, 2014, we have found the
following results through the data query（http://hereditar-
yhearingloss.org）, including 53 autosomal recessive
cloned, 34 autosomal dominant, 4 X-linked, and 2 mito-
chondrial NSHL. A large number of studies show that he-
reditary deafness has strong genetic heterogeneity and
multiple gene mutations, in addition, the morbidity and
the rate of pathogenic gene are high. Therefore, the estab-
lishment of a rapid, high-throughput gene diagnosis
method is very necessary in the clinical examination.
Studies on molecular epidemiology of deafness in China
shows that most NSHL caused only by a small number
of mutations, such as GJB2, SLC26A4, mitochondrial
DNA (mtDNA) 12S rRNA and GJB3 etc[3] [4]. In this
study, gene diagnosis chip of hereditary deafness (Bei-
jing CapitalBio Corporation) [5] were used to detect deaf-
ness gene mutations among pregnant women, and the sta-
tistics of the carrying rate of common deafness mutation
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was performed. Application prospect of deafness gene
chip technology was discussed in the research.
Materials and methods
Materials
The peripheral blood of 430 pregnant women, hus-
band of 18 pregnant women and 17 newborns from Janu-
ary to December, 2013 was collected in the department
of Obstetrics and Gynecology of the Third Hospital of
Peking University. The age of the pregnant women
ranged from 22 to 43, and the average age was 30.1 ±
3.2. Pregnant women whose family has hearing impair-
ment were not included in the study. The informed con-
sent was signed by all participating pregnant women.
Methods
DNA extraction: 3ml venous blood was collected
and transferred to EDTA anticoagulant tube. DNA was
extracted by Blood genomic DNA Extraction System
Kit (Beijing Tiangen biotech companies, DP319-02).
The concentration of DNA was 100-200ng/μl，the puri-
ty of DNA (OD 260/280）was 1.7-2.0. The specimens
were kept under -20℃.
Chip detection: 9 of the mutation sites in 4 com-
mon gene associated with Chinese deafness, including
GJB2(13q11-12), SLC26A4(7q22-31.1), GJB3
(1p33-p35) and mtDNA 12S rRNA, were detected us-
ing Jingxin nine genetic deafness gene detection kit
(Beijing Capital Bio corporation, 300065). PCR ampli-
fication, microarray hybridization, scanning and chips
washing were performed. The data was finally processed
and analyzed. The details are as follows.
PCR reaction: Based on 9 sets of primers of the 9 mu-
tation sites, the PCR was divided into 2 reaction systems,
including A and B. Respectively by multiplex PCR was
carried out respectively. 3 μ l template DNA, 12.5 μ l mix-
ture of amplification primer and 4.5 μ l mixture of ampli-
fication reagent were added to the 20 μ l reaction system
individually. PCR reaction was performed according to
the thermal cycling program in table 1; temperature rate
was set by using RAMP function of PCR instrument. The
total reaction time was about 3 hours and 20 minutes.
Hybridization: 3 μ L of PCR products obtained from
two different amplification (A, B) of the same sample tem-
plate was added to the 10 μ l hybridization buffer tube.
Mixed liquid of hybridization was added to the microarray
zone of the chip. The slide was incubated at 60℃ for 1 hour.
Chips washing: The hybrid chips were collected and
rinsed in cleaning solution under 42℃ for 2 min, fol-
lowed by washing and drying in the air.
Scanning and interpretation of the results: he chip
was imaged with a Jingxin LuxScan 10K-B chip microar-
ray scanner and the corresponding judging system. The
statistical analysis was performed using SPSS 17.0.
Result
Among 430 pregnant women with no obvious abnor-
mal hearing, 18 carriers of heterozygous mutation of deaf-
ness gene were detected, and the detection rate was 4.2%.
Homozygous mutant was not found. As for gene GJB2，8
cases of 235delC and 4 cases of 299delAT were detected，
no 235delG or 176del16bp were found. About gene
SLC26A4, 3 cases of IVS7-2A>G were detected，no A21
68G was found. 1 case takes 299del AT and IVS7-2A>G
simultaneously.1 case of 538 C>T in gene GJB3 was de-
tected；1 case of A1555G in mtDNA 12S rRNA was de-
tected，no C1494T was detected in the gene. The carrier
rate of GJB2, SLC26A4, GJB3, mtDNA 12S rRNA were
3.1%，0.7%，0.2%，0.2% respectively，and the total carrier
rate was 4.2%. The details are listed in table 2.
Deafness gene chip detection was also performed on
spouse of 18 pregnant women carrying mutations and
their newborns. The results of all 18 cases of male spous-
es were normal. 17 cases of newborn have passed the
newborn hearing screening. 1 case of pregnancy was ter-
minated due to fetal polymeria during midtrimester. 6
cases of the newborns inherited the at present known
gene mutation. See Table 3 for details.
temperature
（℃）
time（S）
Cycle
37
600
1
95
600
1
96
60
1
94
30
32
RAMP
0.4℃/s
55
30
RAMP
0.2℃/s
70
45
60
600
1
4
-
1
Table 1. PCR amplification program of gene detection
of hereditary deafness
mutant gene
GJB2
SLC26A4
GJB3
mtDNA 12S
rRNA
total
mutant site
(heterozygosis)
235delC
299delAT
IVS7-2A>G
538 C>T
1555
cases
8
5﹟
3
1
1
18
Proportion
44.4%
27.8%
16.6%
5.6%
5.6%
100.0%
Carrying rate
1.9%
1.2%
0.7%
0.2%
0.2%
4.2%
Table 2. Mutation detection and carrier rate
* Indicate a pregnant woman carries 299delAT and IVS7-2A>G si-
multaneously，statistical analysis is included in the 299delAT group
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Discussion
Deafness is a common disease. The life quality of
patients and the prognosis of the disease are poor[6]. At
present, the common causes of deafness include noise,
age-related (senile), drugs and genetic etc. Among
deaf patients, hereditary deafness possesses a consider-
able proportion. It is of importance to get better under-
standing about the carrier rate and mutation spectrum
of genes associated with hearing impairment in the gen-
eral population.
Deafness has high genetic heterogeneity. Although a
lot of deafness genes and loci were constantly being
cloning and located, there is still a lot of patients
whose etiology is not clear. In addition, in different rac-
es and even the same race of population in different re-
gions, the mutant site of pathogenicity gene and the
mutant site of the same gene of hereditary deafness is
different. Deafness has very strong race specific[7]. The
survey of molecular epidemiological of deafness in the
past ten years in China shows that GJB2, SLC26A4,
the mitochondrial genes (A1555G and C1494T muta-
tions) are the 3 most common pathogenic genes in Chi-
nese NSHL patients[3,4]. This offers the possibility of
clinical application of gene diagnosis of hereditary
deafness. Jingxin nine genetic deafness gene detection
kits were used to screen the pregnant women in our
hospital. Jingxin nine genetic deafness gene detection
kits covers common Chinese NSHL gene locus. There-
fore it can be used to investigate the carrier rate of
common deafness gene mutations. The result can be
used to investigate the carrier rate of common deafness
gene mutations. Hopefully it will help to prevent the
heredity of deafness and thus avoiding the birth of chil-
dren with hearing loss[8].
Despite a great number of mutations in many genes
may contribute to hearing loss, the patterns of high fre-
quency mutations in certain populations and their popu-
lation-wide distributions make it meaningful to initially
select hotspot mutations for carrier screening. Deafness
gene detection of 430 pregnant women was performed
in the study. These patients visit the outpatient services
of our hospital from Jan. to Dec., 2013; they had no
hearing impairment or hearing disorders family history.
Statistics shows no homozygous mutant. 4.2% (18 cas-
es) of pregnant women carry the common deafness
gene mutations. According to mutation frequency
(from high to low), the 4 gene are GJB2 (3.1% ),
SLC26A4 (0.7% ), GJB3 (0.2% ) and mtDNA 12S
rRNA (0.2%).
The study further proves that GJB2[9] and SLC26A4
heterozygous mutation are the most common genetic al-
teration of NSHL in China, and 235delC and 299delAT
mutations are the second common genetic alteration.
Carrying rate detected in this study (4.2%) is similar
to the data reported by Yin et al.[8] (4.17% ). Both
study have shown the carrying rate of deafness gene
mutation of the special group of pregnant women in
Chinese population. However, the women detected by
Yin et al is mainly from southern China, while in this
study is from the north.
The current deafness gene diagnosis chip has its lim-
itation. First, since the chip does not cover all the
pathogenic gene of NSHL, it cannot be used to detect
pathogenic mutations for a lot of hereditary NSHL pa-
tients. Hence, increasing the detection site and improv-
ing the detection technology of deafness genes is neces-
sary in the future. As a result, a better clinical service
will be provided. Second, the current gene chip com-
prises only 9 mutational hotspots of 4 major genes,
therefore it cannot be used to detect patients who carry
Serial
number
1
2
3
5
6
7
8
9
4
10
11
12
13
14
15
16
17
18
Age
29
30
25
29
28
31
32
31
36
28
31
31
32
28
32
30
24
32
Mutation
(heterozygous)
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2 235delC
GJB2
299delAT
GJB2
299delAT
GJB2
299delAT
GJB2
299delAT
GJB2
299delAT ,
IVS7-2A>G
IVS7-2A>G
IVS7-3A>G
IVS7-4A>G
GJB3 538C>T
1555 uniform
mutation
Husbands
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
Hearing
screening
of the
newborns
pass
pass
pass
pass
pass
pass
odinopoeia
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
Deafness chip
screening of
the newborns
（heterozygosis）
GJB2 235delC
normal
normal
GJB2 235delC
normal
normal
odinopoeia
normal
GJB2 299delAT
norma
GJB2 299delAT
normal
GJB2
299delAT ,
IVS7-2A>G
normal
normal
normal
normal
1555 uniform
mutation
Table 3. Chip screening results of 18 pregnant women carrying
mutations and their spouses and the newborns.
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other mutations of these genes. Therefore, informed
consent from patients is vital in clinic. Physician, espe-
cially the obstetrician, must pay high attention to the
limitations of detection to avoid birth of deaf children.
In the study, genetic counseling was provided for
the pregnant women, especially those who were found
carrying heterozygous mutation gene. If one spouse of
a couple is the heterozygous mutation carriers, the oth-
er one was suggested to do detection in Medical insti-
tutions that can perform DNA sequencing of deaf relat-
ed gene, thus eliminating the possibility of carriers.
All of the spouse was not detected anomaly. If both
spouses were found mutation carriers, they would be
required for further genetic counseling. Follow-up were
carried out regularly. Relevant data are being pro-
cessed.
To sum up, deafness gene mutation carriers in the
special group of pregnant women were detected as far
as possible with deafness gene chip[10]. In addition, deaf
education and genetic counseling were provided so that
avoiding birth of deaf children to the maximum degree
[. As a result, the impact of deafness on family eco-
nomic and spiritual life is reduced. With the develop-
ment of molecular genetic techniques, more and more
gene diagnosis technique has been applied to clinical
diagnosis and prenatal diagnosis. Hopefully a more
comprehensive, accurate, fast, economy gene chip will
be developed in the near future. As a result, deafness
gene detection technique will be used as a routine de-
tection in clinic.
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